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This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of riaims: 

1 . (Currently Amended) A photodetector, said photodetector, comprising: 

a) a substrate, said substrate comprising a homoepitaxiallv grown single crystal 
gallium nitride wafer having a dislocation density of less than about 1 0^ cm'^ , wh o r o in o oid 
gallium nitrid e waf e r io grown by precipitating gallium nitrido onto one of at l e ast on e 
gallium nitrid e crystal, a gallium nitrido boulc, and a gallium nitride ory^otol ocod ; 

b) at least one active layer disposed on said substrate; and 

c) at least one conductive contact structure affixed to at least one of said 
substrate and said at least one active layer. 

2. (Currently Amended) The photodetector of claim 1, wherein said at least one active 
layer comprises Gai.x-yAlxInyNi-z-wPzASw. wherein 0 ^x, y, z, w < 1 and at least one of ;c and 
V have a non-gero value, 0 -<< jc + y ^1, andO <2 + >v <1. 

3- (Original) The photodetector of claim 2, wherein said at least one active layer 
comprises Ga^.^^Al^cN, wherein 0 <x < 1. 

4. (Original) The photodetector of claim 1, wherein said conductive contact structure 
comprises at least one of a Schottky contact and an ohxnic contact, 

5. (Currently Amended) The photodetector (lOQ, 200, 300) of claim 4, wherein said 
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contact comprises said Schottky contact (10 8 . 310) comprising at least one of a metal and a 
metal oxide selected from the group consisting of palladium, platinum, gold, aluminum, tin, 
indium, chromium, nickel, titanium, and oxides thereof. 



6. (Original) The photodetector of claim 5, wherein said Schottky contact comprises 
nickel and gold. 



7. (Original) The photodetector of claim 6, wherein a portion of said Schottky contact 
that contacts said at least one active layer is a contact layer comprising at least one of nickel 
and a nickel-rich nickel-gold composition. 

8. (Original) The photodetector of claim 7, wherein said contact layer is contacted with 
at least one of gold and a gold-rich nickel-gold composition. 

9. (Original) The photodetector of claim 6, wherein said Schottky contact has a 
thickness of between about 0.001 microns and about 10 microns. 

1 0. (Currently Amended) The photodetector (200. 300) of claim 4, wherein said contact 
comprises said ohmic contact (212. 21 - 1. 312) affixed to one of an n-doped active layer (334y 
M4) and said substrate (202, 306) , and wherein said ohmic contact (212,211,312) comprises 
at least one metal selected from the group consisting of aluminum, scandium, titanium, 
zirconium, tantalum, tungsten, nickel, copper, silver, gold, hafiiium, and rare earth metals. 
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1 1 (Original) The photodetector of claim 1 0, wherein said ohmic contact comprises 
titanium and aluminum. 

12. (Original) The photodetector of claim 1 1 , wherein a portion of said ohmic contact 
that contacts said substrate is a contact layer comprising a titanium-rich titanium-aluminum 
composition. 



1 3 . (Original) The photodetector of claim 1 2, wherein said contact layer is contacted with 
an aluminum-rich titanium-aluminum composition. 

14. (Original) The photodetector of claim 4, wherein said ohmic contact is affixed to a p- 
doped active layer, and wherein said ohmic contact comprises at least one of a metal and a 
metal oxide selected from the group consisting of palladium, platinum, gold, aluminum, tin, 
indium, chromium, nickel, titanium, and oxides thereof. 

15. (Original) The photodetector of claim 14, wherein said ohmic contact comprises gold 
and nickel. 

16. (Original) The photodetector of claim 15, wherein a portion of said ohmic contact 
that contacts said p-doped active layer is a contact layer comprising at least one of nickel and 
a nickel-rich nickel-gold composition. 
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1 7. (Origjnal) The photodetector of claim 1 6, wherein said contact layer is contacted with 
at least one of gold and a gold-rich nickel-gold composition. 

1 8. (Original) The photodetector of claim 4, wherein at least one of said Schottlcy contact 
and said ohmic contact is sputtered onto said substrate. 

19. (Original) The photodetector of claim 4, wherein at least one of said Schottky contact 
and said ohmic contact is deposited onto said substrate by electron beam evaporation. 

20. (Original) The photodetector of claim 1 , wherein said at least one active layer 
includes an insulating layer disposed on a surface of said substrate, said insulating layer 
having a resistivity of at least 1 0^ 12 -cm. 

21 . (Original) The photodetector of claicn 20, wherein said insulating layer has a 
thickness of between about 1 nm and about 10 microns. 

22. (Original) The photodetector of claim 20, wherein said insulating layer has a carrier 
concentration of up to about 10 cm" . 
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23. (Original) The photodetector of claim 1, wherein said at least one active layer 
comprises an insulating layer disposed on a surface of said substrate, wherein said substrate is 
one of a n-doped substrate and an insulating substrate, and wherein said conductive contact 
structure comprises a plurality of Schottky contacts disposed on a surface of said insulating 
layer. 



24. (Original) The photodetector of claim 23, wherein said plurality of Schottky contacts 
are interdigitated with respect to each other. 

25. (Original) The photodetector of claim 23, wherein said insulating layer is undoped. 

26. (Original) The photodetector of claim 23, further including a n-doped layer disposed 
between said substrate and said insulating layer. 

27. (Original) The photodetector of claim 26, wherein said n-doped layer is n-doped 
gallium nitride. 



6 



09/04/2003 15:23 FAX 336 379 046^ SMITH MOORE GSO El 009 

Serial No. 09/839,941 RD-27,966.2 

28. (Original) The photodetector of claim 1, wherein said substrate is an n-doped 
substrate, and wherein said at least one active layer comprises: 

a) an insulating layer disposed on a surface of said n-doped substrate; aiid 

b) a first p-doped layer disposed on a surface of said insulating layer opposite 

said n-doped substrate, 

wherein said conductive contact structure comprises a first ohmic contact 
affixed to said first p-doped layer and a second ohmic contact affixed to said n-doped 
substrate. 



1 



29. (Original) The photodetector of claim 28, further comprising a second p-doped layer 
disposed on a surface of said first p-doped layer opposite said insulating layer. 

30. (Original) The photodetector of claim 29, wherein said second p-doped layer is p- 
doped gallium nitride. 

3 1 . (Original) The photodetector of claim 28, wherein said insulating layer and said first 
p-doped layer each have a thickness of between about 1 nm and about 10 microns. 

32. (Original) The photodetector of claim 28, further comprising an n-doped layer 
disposed between said n-doped substrate and said insulating layer. 
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33. (Original) The photodetector of claim 1, wherein said at least one active layer 
comprises an insulating layer disposed on a surface of said substrate, and wherein said 
conductive contact structure comprises at least one Schottky contact affixed to said insulating 
layer and at least one ohmic contact affixed to one of said substrate and a first n-doped layer. 

34. (Original) The photodetector of claim 33, wherein said substrate is an n-doped 
substrate. 



i 



35. (Original) The photodetector of claim 33, wherein said first n-doped layer is disposed 
between said substrate and said insulating layer. 

36- (Original) The photodetector of claim 33, wherein said first n-doped layer has a 
thickness of between about 1 nm and about 10 microns. 

37. (Original) The photodetector of claim 33, further comprising a second n-doped layer 
disposed between said substrate and said first n-doped layer, said second n-doped layer 
contacting said at least one ohmic contact. 



38. (Original) The photodetector of claim 37, wherein said second n-doped layer 
comprises n-doped gallium nitride. 

39. (Original) The photodetector of claim 37, wherein said second n-doped layer has a 
thickness of between about 1 ran and about 10 microns. 
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40. (Original) The photodetector of claim 1, wherein at least one of said substrate and 
said at least one active layer further comprises at least one n-dopant. 

41 . (Original) The photodetector of claim 40, wherein said at least one n-dopant is a 
dopant selected from the group consisting of siUcon, germanium, and oxygen. 

42. (Original) The photodetector of claim 40, wherein said at least one n-dopant is 
epitaxially deposited in at least one of said substrate and said at least one active layer. 

43. (Original) The photodetector of claim 40, wherein said at least one n-dopant is 
implanted in at least one of said substrate and said at least one active layer. 

44. (Original) The photodetector of claim 1, wherein at least one of said substrate and 
said active layer further comprises at least one p-dopant. 

45. (Original) The photodetector of claim 44, wherein said at least one p-dopant is a 
dopant selected from the group consisting of magnesium, calcium, and beryllium. 

46. (Original) The photodetector of claim 44, wherein said at least one p-dopant is 
epitaxially deposited in at least one of said substrate and said at least one active layer. 
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47. (Original) The photodetector of claim 44, wherein said at least one p-dopant is 
implanted in at least one of said substrate and said at least one active layer. 
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48. (Original) The photodetector of claim 1, wherein said photodetector is a flame 
detector adapted to detect a flame in a combustion chamber. 

49, (Original) The photodetector of claim 1, wherein, said photodetector is capable of 
detecting a predetermined wavelength of radiation in the visible and ultraviolet regions of the 
spectrum of electromagnetic radiation. 

Claims 50-58 (canceled). 
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59. (Currently Amended) A photodetector, said photodetector comprising: 

a) a gallium nitride substrate, said gallium nitride substrate comprising a 
homoepitaxiallv grown single crystal gallium nitride wafer having a dislocation density of 
less than about 10^ cm''^ , wboroin said gallium nitride ivafor ia gro^Ti by precipitating gallium 
nitrida onto ono of at least ono gallium nitrido cryctal. a gaUium nitrido boulo, and a gallium 
nitride oiyDtal s ee d ; 

b) at least one active layer disposed on said gallium nitride substrate, said at least 
y one active layer comprising Ga,.:,.yAl;,InyNi.z.wPzAsw, wherein 0 < jc, >», z, w ^ 1 and at least 

one of ;c and y have a non-zero value, wherein 0<x + >'<l, andO<z + w<l; and 

c) at least one conductive contact structure affixed to at least one of said gallium 



nitride substrate and said at least one active layer. 



60. (Original) The photodetector of claim 59, wherein said at least one active layer 
comprises Gaj.xAl^N, wherein 0 <jc ^ 1. 

6 1 . (Original) The photodetector of claim 59, wherein said conductive contact structure 
comprises at least one of a Schottky contact and an ohmic contact. 

62. (Currently Amended) The photodetector (100, 200, 300) of claim 61, wherein said 
contact comprises said Schottky contact (108, 310) comprising at least one of a metal and a 
metal oxide selected from the group consisting of palladium, platinum, gold, aluminum, tin, 
indium, chromium, nickel, titanium, and oxides thereof. 
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63. (Original) The photodetector of claim 62, wherein said Schottky contact comprises 



nickel and gold. 



64. (Original) The photodetector of claim 63, wherein a portion of said Schottky contact 



that contacts said at least one active layer is a contact layer comprising at least one of nickel 
and a nickel-rich nickel-gold composition. 

65- (Original) The photodetector of claim 64. wherein said contact layer is contacted with 
at least one of gold and a gold-rich nickel-gold composition. 



66. (Original) The photodetector of claim 62, wherein said Schottky contact has a 
thickness of between about 0,001 microns and about 10 microns. 

67. (Currently Amended) The photodetector (200, 300) of claim 6 1 , wherein said contact 
comprises said ohmic contact (212, - 21'1. 312) affixed to one of an n-doped active layer (334^ 
3+4) and said substrate (202, 306) , and wherein said ohmic contact (212, 211, 312) comprises 
at least one metal selected from the group consisting of aluminum, scandium, titanium, 
zircomum, tantalum, tungsten, nickel, copper, silver, gold, hafiiium, and rare earth metals. 

68. (Original) The photodetector of claim 67, wherein said ohmic contact comprises 
titanium and aluminum. 
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69. (Origiiial) The photodetector of claim 68, wherein a portion of said ohmic contact 
that contacts said substrate is a contact layer comprising a titanium-rich titanium-alummum 
composition. 

70. (Original) The photodetector of claim 69, wherein said contact layer is contacted with 
an alunainum-rich titanium-aluminum composition. 

71. (Original) The photodetector of claim 61, wherein said ohmic contact is affixed to a 
p-doped active layer, and wherein said ohmic contact comprises at least one of a metal and a 
metal oxide selected from the group consisting of palladium, platinum, gold, aluminum, tin, 
indium, chromium, nickel, titanium, and oxides thereof. 

72. (Original) The photodetector of claim 7 1 , wherein said ohmic contact comprises gold 
and nickel. 

73 . (Original) The photodetector of claim 72, wherein a portion of said ohmic contact 
that contacts said p-doped active layer is a contact layer comprising at least one of nickel and 
a nickel-rich nickel-gold composition. 

74. " (Original) The photodetector of claim 73, wherein said contact layer is contacted with 
at least one of gold and a gold-rich nickel-gold composition. 
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75 . (Original) The photodetector of claim 6 1 , wherein at least one of said Schottky 
contact and said ohmic contact is sputtered onto said substrate. 

76. (Original) The photodetector of claim 6 1 , wherein at least one of said Schottky 
contact and said ohmic contact is deposited onto said substrate by electron beam evaporation. 

77. (Original) The photodetector of claim 59, wherein said at least one active layer 
includes an insulating layer disposed on a surface of said substrate, said insulating layer 
having a resistivity of at least 1 0^ 0 -cm, 

78. (Original) The photodetector of claim 77, wherein said insulating layer has a 
thickness of between about I nm and about 10 microns. 

79. (Original) The photodetector of claim 77, wherein said insulating layer has a carrier 

IB 3 

concentration of up to about 10 cm' . 

SO. (Original) The photodetector of claim 59, wherein said at least one active layer 
comprises an insulating layer disposed on a surface of said gallium nitride substrate, wherein 
said gallium nitride substrate is one of a n-doped gallium nitride substrate and an insulating 
gallium nitride substrate, and wherein said conductive contact structure comprises a pluraUty 
of Schottky contacts disposed on a surface of said insulating layer. 
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8 1 . (Original) The photodetector of claim 80, wherein said plurality of Schottky contacts 
are interdigitated with respect to each otiier. 

82. (Original) The photodetector of claim 80, wherein said insulating layer is undoped. 

83 . (Original) The photodetector of claim 80, further including an n-doped layer disposed 
between said gallium nitride substrate and said insulating layer. 



84. (Original) The photodetector of claim 83, wherein said n-doped layer is n-doped 
galliixm nitride. 

85. (Original) The photodetector of claim 59, wherein said gallium nitride substrate is a 
n-doped gallium nitride substrate, and wherein said at least one active layer comprises: 

a) an insulating layer disposed on a surface of said n-doped gallium nitride 
substrate; and 

b) a first p-doped layer disposed on a surface of said insulating layer opposite 
said n-doped gallium nitride substrate, 

wherein said conductive contact structure comprises at least one ohmic contact 
affixed to said first p-doped layer and at least one ohmic contact affixed to said n-doped 
gallium nitride substrate. 

86. (Original) The photodetector of claim 85, further comprising a second p-doped layer 
disposed on a surface of said first p-doped layer opposite said insulating layer. 
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87. (Original) The photodetector of claim 86, wherein said second p-doped layer is p- 
doped gallium nitride. 

88. (Original) The photodetector of claim 85, wherein said insulating layer and said first 
p-doped layer each have a thickness of between about 1 nm and about 10 microns. 



\ 89 (Original) Thephotodetectorof claim 85, further comprising a first n-doped layer 



disposed between said n-doped gallium nitride substrate and said insulating layer. 



90. (Origiiial) The photodetector of claim 59, wherein said at least one active layer 
comprises an insulating layer disposed on a surface of said gallium nitride substrate, and 
wherein said conductive contact structure comprises at least one Schottky contact affixed to 
said insulating layer and at least one ohmic contact affixed to one of said galUmn nitride 
substrate and a first n-doped layer. 



9 1 . (Original) The photodetector of claim 90, wherein said galhum nitride substrate is an 
n-doped galhum nitride substrate. 

92. (Original) The photodetector of claim 90, wherein said first n-doped layer is disposed 
between said galUum nitride substrate and said insulating layer. 
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93 . (Origmal) The photodetector of claim 92, wherein said first n-doped layer has a 
thickness of between about 1 nm and about 10 microns. 

94. (Original) The photodetector of claim 92, further comprising a second n-doped layer 
disposed between said gallium niuide subsltate and said insulating layer, said second n-dopcd 
layer contacting said at least one ohmic contact. 



\ 

y 



95. (Original) The photodetector of claim 94, wherein said second n-doped layer 
comprises n-doped gallium nitride. 

96. (Original) The photodetector of claim 94, wherein said second n-doped layer has a 
thickness of between about 1 nm and about 10 microns. 

97. (Original) The photodetector of claim 59, wherein at least one of said gallium nitride 
substrate and said at least one active layer further comprises at least one n-dopant. 



98. (Original) The photodetector of claim 97, wherein said at least one n-dopant is a 
dopant selected from the group consisting of silicon, germanium, and oxygen. 

99. " (Original) The photodetector of claim 97, wherein said at least one n-dopant is 
epitaxially deposited in at least one of said gallium nitride substrate and said at least one 
active layer. 
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1 00- (Original) The photodetector of claim 97, wherein said at least one n-dopant is 
implanted in at least one of said galUum nitride substrate and said at least one active layer. 

101. (Original) The photodetector of claim 59, wherein at least one of said gallium nitride 
substrate and said active layer further comprises at least one p-dopant. 



1 02. (Original) The photodetector of claim 101, wherein said at least one p-dopant is a 
dopant selected from the group consisting of magnesium, calcium, and beryllium. 




1 03 . (Original) The photodetector of claim 101, wherein said at least one p-dopant is 
epitaxially deposited in at least one of said gallium nitride substrate and said at least one 



active layer. 

1 04. (Original) The photodetector of claim 101, wherein said at least one p-dopant is 
implanted in at least one of said gallium nitride substrate and said at least one active layer. 

1 05 . (Original) The photodetector of claim 59, wherein said photodetector is a flame 
detector adapted to detect a flame in a combustion chamber. 

106. (Original) The photodetector of claim 59, wherein, said photodetector is capable of 
detecting a predetermined range of wavelengths of radiation in the visible and viltraviolet 
regions of the spectrum of electromagnetic radiation. 
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Claims 107-123 (canceled). 

124. (NEW) A photodetector, said photodetector, comprising: 

a) a substrate, said substrate coinprising a homoepitaxially grown single crystal 



3 2 

\ gallium nitride wafer having a dislocation density of less than about 1 0 cm" cut from a 

portion of a boule grown by precipitating gallium nitride onto at least one of a gallium nitride 
crystal, a gallium nitride boule, and a gallium nitride crystal seed using a supercritical solvent 
at a temperature greater than about 550°C and a pressure greater than about 5 kbar; 

b) at least one active layer disposed on said substrate; and 

c) at least one conductive contact structure affixed to at least one of said 
substrate and said at least one active layer. 
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125. (NEW) A photodetector, said photodetector comprising: 

a) a substrate, said substrate comprising a homoepitaxially grown single crystal 

gallium nitride wafer having a dislocation density of less than about 10^ cm"^ cut ftom a 
portion of a boule grown by precipitating gallium nitride onto at least one of a gallium nitride 
Jr crystal, a gallium nitride boule, and a gallium nitride crystal seed using a supercritical solvent 
^ at a temperature greater than about 550'C and a pressure greater than about 5 kbar; 
^ b) at least one active layer disposed on said gallium nitride substrate, said at least 

one active layer comprising Gai.x.yAlxInyNi^-,.PzASv., wherein 0 < x, w < 1 and at least 
one of X and have a non-zero value, wherein 0<x+>'^l,andO<z + H'<l;and 

c) at least one conductive contact structure affixed to at least one of said gallium 
nitride substrate and said at least one active layer. 
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This listing of claims will replace all prior versions, and listings, of claims in the 
application; 




Listing of Claims: 

1 . (Currently Amended) A photodetector, said photodctector, comprising: 

a) a substrate , said s ub s trat e comprising a hoTnoepitajciallv grown single crystal 



gallium nitride wafe^ .cut from a portion of a boule)grQwn bv precipitatinjg gallium nitride 



onto at least one of a gallium nitride crystal, a gallium nitride boule, and a ^al lium niin'rfp. 
crystal seed using a supercritical solvent at a temperature greater than about 550°C and a 
pressure greater than about 5 kbar having q diolooation d e nsity'- of l e ss than about IQ^ -^^-y 
wherein oaid gallium nitrido waf e r is grown by precipitating gallium nitrid e onto one of at 
l e a s t on e gallium nitrid e crystal, a gallium nitrid e boul e ^ and a gallium nitrido crystal s ee d ^ 

b) at least one active layer disposed on said substrate; and 

c) at least one conductive contact structure aflSxed to at least one of said 
substrate and said at least one active layer 

2. (Original) The photodetector of claim 1 , wherein said at least one active layer 
comprises Gai-x-^A^^Nu2-^^!iQfc^, wherein o(^. y, z, w £ 1, 0 +7 < 1> and 0 <7 + 
<1. 

3. (Original) The photodetector of claim 2, wherein said at least one active layer 
comprises Gai-xAlxN, wherein 0^^^ ^ 1 - 

4. (Original) The photodetector of claim 1, wherein said conductive contact structure 

Grcoishoro 618579 2 
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59. (Currently Amended) A photodetector, said photodetector comprising: 

a) a substrate , said substrat e comprising a homoepit<ixia11v grown single crystal 
gallium nitride wafer cut from a pordon of a boule grown by precipjtattng gallium nitride 
onto at least one of a piftllium ni tride crystal ^ a pallium nitride boule. and a gallium nitride 
crystal seed using a supercriticfl solvent at a temperature greater than about 55Q°C and a 
pressure greater than^about 5 kbar having a dislocation d e nsity of l e ss than about lO ^-em"^- 
wh e r e in said galliiun mtrid e- wafor ic grown by prooipkat - ing - gallium -- Qitrid e onto on e of at 
te a3tK>no - gtdlium nitrido cr3 i ^al, a gallium nitride boulc^ oad - a gallium nitrido orj^tal Good ; 

b) at least one active layer disposed on said gallium nitride substrate, said at least 
one active layer comprising Gai.x-yAlxIiiyNi.z.wp2Asw, wherein 0<x, y,2,w<l and at least 
one of :t and y have a non-zero value, wherein 0<x +y<ly and 0 < ^ + < 1 ; and 

c) at least one conductive contact stmcture affixed to at least one of said gallium 
nitrides substrate and said at least one active layer, 

60, (Original) The photodetector of claim 59, wherein said at least one active layer 
comprises Gai-^AlxN, wherein 0 ^ ^1, 



61 . (Original) The photodetector of claim 59, wherein said conductive contact structure 
comprises at least one of a Schottky contact and an ohmic contact. 



62. (Currently Amended) The photodetector (100, 200, 300) of claim 6 1 , wherein said 
contact comprises said Schottky contact (10 8 ,310) comprising at least one of a metal and a 
metal oxide selected from the group consisting of palladium, platinum, gold, aluminum, tin, 
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